Abstract. There is presented a comparative analysis of MBK and TWT parameters, and their influence on the spectrum of functions, which each of the devices is best suited to fulfill. Devices of different power level (from hundreds of watts to hundreds of kilowatts) and frequency range (from units to tenth of GHz) are analyzed. Most decisive parameters, namely, the cathode and control voltages, efficiency, the amplification frequency band, the noises, harmonic and spurious oscillation parameters, the sensitivity to voltage instabilities, and the mass and dimensions of the devices are considered. In specific fields of operation the vibration-proof parameters of the device is also of great importance. Interrelations between some of the devices' parameters and the parameters of radio -electronic systems are discussed. Main requirements are mentioned, which power amplifiers have to meet to satisfy the demands of different types of modern radioelectronic systems. The degree of satisfying these demands by MBKs and TWTs determine the preferable fields of their application
INTRODUCTION
The original MBK design accomplished by S.A. Zusmanovsky and S.V. Korolyov in "Istok" in 1961-1963, led to a rapid growth of this branch of electrovacuum tubes.
The MBKs surpass TWTs in efficiency, have lower operating voltage and weight, smaller dimensions, and provide better purity of the signal spectrum. Due to it MBK were used in a majority of new perspective moving, aircraft and space radio-systems.
There arose a meaning that MBK, because of their outstanding characteristics, are the main microwave vacuum power amplifiers, capable to solve the majority of problems of the power microwave electronics.
The situation changed in the last decade of the previous century drastically: the achievements in development of collectors with multi-stage recuperation raised the efficiency of powerful TWTs twofold and more, development of new manufacturing technologies allowed to decrease the value of the control modulating voltage to hundreds of volts. There arose an opposite tendency: the main attention and efforts are now directed on the TWT as the main dominating microwave amplifier. This tendency is obviously seen in the materials of the last (2002) IVEC congress.
In this paper there is made an attempt to clear up whether this tendency is justified, or there are areas of preferable use of MBK and TWT, and, if they exist, to identify them. Parameters of up to date TWTs are widely discussed and elucidated in a lot of publications, whereas the features of MBKs are addressed rather seldom, especially in English. That's why they would be discussed here in more detail.
MAIN SPECIFIC FEATURES OF MBK
According to the output power level, the MBK being considered in this review can be classified in four groups: MBK with more than 10 MW of output pulse power (super high power MBK), MBK with an output pulse power higher than 100 kW and an average output power 10÷20 kW (high power MBK); MBK with an output pulse power from units of kW up to 100 kW and an average power up to 5 kW (medium power MBK); small size, miniature MBK (MMBK) operating at output pulse power levels up to units of kW with an average output power less than 1 kW. This distinction of the MBK is, to some extent, rather arbitrary, but it reflects the essentially different for either of these groups levels of energy to be dissipated at the tube elements, and, respectively, different constructive design and technology [1] .
Accordingly to the constructive peculiarities of the resonators, the MBK can be divided in two groups [2, 7] : MBK operating in higher toroidal resonator modes (HM MBK), and MBK operating in the fundamental mode of the resonators (FM MBK). The HM MBK modality is preferable in case the demand of high average power level prevails over the demand of broad amplification frequency band. But as the latter demand is one of the decisive parameters of most of up to date radio-systems, the fundamental mode MBK are mainly used and, respectively, developed and manufactured. Moreover, the specific features of toroidal fundamental mode MBK allows achieve less mass and dimension parameters of the tube, and of the transmitter as a whole. So, substitution of a single-beam klystron (SBK) by a low voltage FM MBK resulted in a 4-fold weight and volume decrease of an aircraft radar transmitter.
Apart of specific MBK parameters defined by the peculiarities of a definite radiosystem, there are some parameters, which are common and decisive for any application. First of all, it is the anode voltage of MBK, which is less as compared with SBK of the same output power:
where V N is the cathode voltage of a N-beam MBK, and V 1 -of a single-beam klystron, having a perveance p 1 equal to the perveance of each of the MBK beams, and the same efficiency η.
This dependence can lead to a 2-fold decrease of the MBK cathode voltage in comparison with a single beam device of the same output power.
The dependence of the amplification bandwidth, ∆f, of MBK on the number of beams N can be given by [6] :
where J N is the total cathode current, P 0 -the supplied to the klystron power, M -the interaction coefficient, ρ -characteristic impedance of the output resonator.
The increase of ∆f is due to the large cathode current I N of the MBK. The rise of I N prevails the decrease of ρ caused by the inevitably greater capacity of the MBK output resonator, and the amplification band of MBK at comparable output power levels is significantly greater than the bandwidth of SBK.
The electron efficiency of MBK exceeds that of the SBK and TWT as the partial perveance of each of the beams, and, thus, the efficiency can be optimized independently on the total perveance which is needed to provide the power parameters of the tube. In SBK and single beam TWT this procedure is impossible.
Low perveance of the partial beams in MBK require less magnetic fields for focusing, and, thus, the magnetic system weight can be essentially diminished. Taking into account, additionally, the less cathode voltage of the tube, and, consequently, a less length of the magnetic gap, the weight of the focusing magnetic system of the MBK comes to 3-10 times lighter than that of the SBK of comparable output power [2, 5] .
At the same time the MBKs provide an inherent to common klystrons low voltage control of the radiated pulse length and pulse repetition frequency. Moreover, they provide very low noise figures in the Doppler frequency range, high linearity of the amplitude-frequency and phase-frequency response, so as a small phase shift of the amplified signal caused by cathode voltage variations [1, 5] .
In specific cases the radars must operate continuously without any, even one, pulse failure during tenth of hours. Thus, any breakdown in the MBK is inadmissible. This requirement implies the upper power level of the high power MBK especially at short (≤ 4 cm) wavelengths [6] . At these wavelengths the output power is also restricted by the allowable current density at the cathodes. The reason of this latter restriction consists in the fact that the formation of a highly convergent partial beam in a multi-beam cathode of MBK is very expensive, and, thus, unacceptable. As a sequence, the current density in every partial cathode is high in the short-wave part of the cm wave band, where it reaches 30 A/cm 2 and more. Creation of long life high current density emission cathodes [3] , as well as improvements in technology of MBK manufacturing and optimization of their mode of operation permit to raise the allowable upper limit of cathode current density significantly. These achievements lead also to an essential increase of the lifetime which is a challenging parameter for the MBK.
Summarizing the mentioned MBK features, it can be stated that the MBK-concept allows: to decrease greatly the cathode voltage and the focusing magnetic field; increase the klystron efficiency and bandwidth; due to it decrease drastically the weight and volume not only of the klystron itself, but also of the radio-system transmitter as a whole; amplify high energy and large information capacity signals without distortions with a low level of introduced amplitude and phase noises in the Doppler frequency range. The compact and rigid construction of the small size and miniature MBK make them suitable for operation in specific fields of operation.
To reach the goal of this article we must analyze how and in what degree do the mentioned above parameters affect the characteristics and performance of radioelectronic systems.
ROLE OF THE CATHODE VOLTAGE
It is obvious, that the greater the cathode voltage V c , the greater the needed spacing between the radio-elements connected with the cathode and those, which are grounded. The greater this spacing -the greater the dimensions of the radio-set. At first glance, this drawback can be eliminated by means of a total or partial filling of the spacing between the high voltage and grounded elements with an insulating material with a greater breakdown voltage ensuring the absence of breakdowns. But a more detailed analysis reveals some substantial peculiarities of this solution.
First, filling up of the high electrical strength volume with a liquid insulator leads to an increase of the radio-set mass; and requires a leak-proof container, which could be a source of troubles. Second, if the high voltage volume is partially or as a whole filled with a solid insulating material, then arose some negative effects, which could not be neglected.
Insulator in an Air Gap
Let us consider a system ( fig. 1 ) consisting of two spaced at a distance a flat electrodes with a voltage V 0 across them. An insulator with a thickness c is placed in the inter-electrode gap. It is often mentioned, that the electrical field strength E a in the air part of the gap does not depend on the presence of the insulator and of its thickness. This is true, when we assume that the charge at the electrodes is constant. In case of an any operating radio-set not the charge, but the voltage difference between the electrodes is a given parameter, which must be provided.
In this case (V o = const.) the electrical field strength in the air gap drastically depends on the insulator thickness. This dependence is given by the equation [8] :
where ε 1 and ε 2 are dielectric constants of air and the insulator medium, respectively, and a V E 0 0 = is the electrical field strength in the air space without the insulator (c=0). As it follows from (3) the value of E a approaches to ε 2 E 0 if c→ a and ε 1 =1.
If the dielectric constant ε 2 of the insulator is large (e.g. about 10), the value of E a can exceed E 0 many times when the insulator approaches near to either of the two electrodes.
This phenomenon is illustrated in figure 2 by the dependence of (E a /E 0 )=K on c/a for flat electrodes [8] . Here ε 2 =9 which corresponds to the ceramics 22XC widely used in mw tubes as a cathode insulator.
Thus, partially filling of the inter-electrode space with an insulator does not increase the dielectric strength of the air gap, but leads to a raise of the electrical field strength in the air gap, that is, to a raise of breakdown probability. Only a complete filling of the inter-electrode space with the insulator return the E a field strength to its initial E 0 value independently on the insulator type.
The second parameter which heavily affect the breakdown probability is the voltage difference V g across the air gap: V g =E a (a-c), or taking into account the equation (3) and definition of (E a /E 0 )=K and E 0 =V 0 /a:
The dependence of V g on the relative insulator thickness c/a in the form of L=f(c/a) is given in figure 2. On the contrary to the electric field strength E a , the voltage difference across the air gap V g decrease when c → a. It seems, that the air gap breakdown probability must also decrease with c → a. But it is not quite so.
The breakdown voltage V br of an air gap greatly decreases with decreasing of the air gap width as it is seen in Table 1 . Taking into account values of V br in Table 1 , and the voltage difference across the air gap V g , calculated from (4) as a function of c/a, one can see the influence of the insulator thickness on the relation between V br and V g . For example, in Table 2 there are presented such calculations for a plane system with an inter-electrode spacing a=1 mm, and an applied voltage difference V 0 =3 kV for two insulator types with ε 2 =9, and ε 2 =2.5. As it is seen from Table 2 , the increase of the insulator thickness c makes the voltage V g across the air gap be equal, and exceed the breakdown voltage, though the absolute value of V g decrease essentially (see figure 2 , the curve L). Thus, the partially filling of a breakdown proof air gap with an insulator with a high ε increases the probability p br of a breakdown or makes the breakdown inevitable (V g / V br ≥ 1).
An insulator with a small ε 2 =2.5 increases the initial (c=0) ratio of V g / V br = 0.67 only by up to 16 % in the interval of c/a values from 0.2 to 0.8.
In [10] it is stated that the breakdown probability, all other factors being equal, is proportional to the product of voltage difference across the electrodes by the electric field strength in the inter-electrode space:
p br ∼ V⋅E (5) To assess by this means the influence of the insulator on the value of p br one can compare the inter-electrode gap breakdown probability with the insulator in the gap, p bri , and without it, p br0 :
The dependence of S on the relative insulator thickness c/a for two values of ε 2 is shown in figure2 and is in qualitative agreement with Table 2 .
It can be shown, that the same effects which are considered here for a flat electrode system, are inherent also in systems with cylindrical electrodes [8] .
The Lower Limit of the Cathode Voltage
Though the decrease of the cathode voltage is a favorable goal for the design of a mw power device, it has a lower limit determined by a number of factors.
First of all, it is the maximum allowed cathode current I c max . With a fixed amount of mw output power P out , the minimum cathode voltage V c min is:
where η is the efficiency coefficient of the device. The value of I max is limited by two factors associated with the device.
First, by the maximum allowed current density j c at the cathode, and, second, by the maximum value of the perveance which does not yet negatively affect the main parameters of the mw tube. Due to the up to date achievements in cathode electronics the first factor has no critical influence on the TWT performance, whereas the achieved values of j c do not suffice yet in full the demands of MBK, and, thus, affect strongly their parameters. On the contrary, the parameters of MBK are not restricted by the allowable perveance unless the power level is extremely high [6] , whereas the parame-ters of the TWT are strongly restricted by the allowable perveance at any output power level. It is evident that the higher the efficiency (without recuperation!) of the tube the lower the cathode voltage V c min with given values of P out and I max.
Additional factors restricting the magnitude of I max are associated with the radioequipment. Too high currents lead to excessive volume and mass of the energy accumulating capacitors. Moreover, the value of I max is restricted by the maximum allowed current of the rectifiers, and for pulsed radio-transmitters of the modulator valves or semiconductors.
As it follows from the considerations, discussed in this section, the choice of the optimal cathode voltage is a multivariant problem, but in any case the achievement of a minimum allowable cathode voltage of the mw power tube must be one of the significant criterions of the design.
We have tried to look into the phenomena associated with the cathode voltage in such close detail because this parameter determine in a lot of cases the realization possibility and fail safety of prospective radars and other types of radio-equipment, especially for on-board applications.
Cathode Voltage of MBK and TWT
The main parameters of a mw tube which determine its cathode voltage are output mw power, P out , the efficiency coefficient η (without recuperation!), and the perveance, p:
In a rough assumption efficiency of the TWT comprises about 0.5 … 0.67 of the MBK efficiency. Taking into account this consideration, and assuming an equal magnitude of P out for both tube types one can present the dependence of V c on the perveance p in the form displayed in figure 3 . Here V 0 is the MBK cathode voltage with a perveance p 0 =1⋅10 -6 A / V 3/2 , and P out is arbitrary and constant. The curves related to the TWT are shown with a dotted line for the values of p>2⋅10 -6 A / V 3/2 because there are no single-beam TWT in this perveance region. On the contrary, the perveance of MBK can approach to as high, as
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-5 A / V 3/2 . That means that the cathode voltage of an MBK providing the same mw output power as the TWT can be more than two times lower. This difference in the magnitude of the cathode voltage is of great importance especially for on-board transmitters of aircraft, missile, and moving earth systems, and, as well, for mw energy supplying systems in linear particle accelerators where the needed mw pulse power level approaches up to hundreds of MW. To provide such power levels by means of single-beam amplifiers, the cathode voltage of the tube has to be hundreds of kV. Table 3 shows typical parameters of up-to-date TWT and MBK with comparable values of mw output power.
The made above statement concerning the relation between cathode voltages of TWT and MBK is confirmed by the data presented in Table 3 . 
FREQUENCY BANDWIDTH
The width of the amplification frequency band and its uniformity determine the radio-system ability to operate with broadband signals, provide undisturbed amplification of frequency modulated signals, and signals with an instant change of carrier frequency, determine the radio-system immunity and electromagnetic compatibility. The latter feature demands absence or an extremely low level of harmonic and spurious oscillations in the spectrum of the amplified signal. Though the MBKs have a significantly greater amplification bandwidth than the single beam klystrons, they, of course, rank below the TWT in this parameter. As it can be seen in Table 3 , this difference is evident in the short cm wave band, including high power MBK. For medium power MBK in the X-band, and high power in the Sband (3-rd and 4-th row in Table 3 ), this difference is essentially less. Moreover, the MBK KF-1 demonstrated the same bandwidth as the TWT VTX5682 -6%. This broad bandwidth is achieved due to the high (8.8) microperveance of the tube, pulsed by the cathode voltage.
There is a quite another relation between the MBK and TWT parameters when spectrum purity of the amplified signal is considered. Due to the low binding between the MBK resonators the generation of parasitic oscillations in the resonator system is, practically, excluded. Spurious oscillations, which can be excited in the cathode and/or in the collector volumes, are suppressed by proper design without troubles. Contrary to MBK, in the broadband slow-wave structure of TWTs there are inherent conditions for spurious oscillations excitation. To suppress them, a suitable dispersion of the slow-wave structure is to be chosen so as the cathode voltage. Nevertheless, in pulse operation or by tube switching on the cathode voltage can pass through the zone where spurious oscillations of short duration can arise.
Nonlinearity of the electron beam interaction with the mw field in klystrons and TWT leads inevitable to excitation of higher harmonic oscillations. There is almost no distinction between their power level in MBK and coupled-cavity TWT. Both tube types provide a low enough (< 35 dB) power level of the 2-nd and 3-rd harmonics relative to the output power at the operating frequency. But the broadband Helix TWT demonstrates significantly higher power level of harmonic oscillations depending on the bandwidth. For example, in a Helix TWT, having a bandwidth of an octave, the power level of the 2-nd harmonic approaches to -3 dB, whereas a comparatively narrow bandwidth tube (∆f=18%) with an output power ∼200 W intended for space applications, and, thus, having a high efficiency (up to 70 %) due to a multistage collector, generates the 2-nd harmonic of the operating frequency with a power level of -15dB [8] .
QUALITY PARAMETERS OF THE AMPLIFIED SIGNAL
Spurious and harmonic oscillations introduced in the signal by the amplifier are, so to speak, disturbances of the "zeroth order". A more subtle, but nevertheless often more important parameter is the noise which the amplifier introduces in the signal. The noise influences strongly the sensitivity of the receiver, and the degree of suppression of the disturbance and spurious reflected signals, i.e. the potential and immunity of the radar.
There are two noise sources. One is inherent in the mw amplifier itself, the other (modulation noise) is due to instabilities of the supplied voltages and input mw power, though their intensity depends also on the amplifier parameters. In 0-types mw amplifiers cathode voltage instabilities ∆V c are linked with the amplifier modulation noise as follows: (10) where ∆P out , ∆ϕ 0 , ∆V c are variations of P out , ϕ 0 and V c , respectively, ϕ 0 being the phase shift of the amplified oscillation in the amplifier when V c is equal to its nominal operating value.
The relative specific power levels of the introduced by the amplifier amplitude (γ a ) and phase (γ ϕ ) modulation noise are proportional to squares of ∆P out and ∆ϕ 0, respectively. As the variation ∆P out does not depend on the amplifier type, we shall analyze only the effect of the phase variation ∆ϕ 0 depending on the phase length ϕ 0 of the amplifier, which in MBK is distinct from TWT * . According to (10):
As it follows from (11), the magnitude of γ ϕ depends strongly on ϕ 0 , the phase length of the amplifier, and on the cathode voltage stability. As a rule, the value of ϕ 0 of the MBK is 3 … 4 times less than ϕ 0 of the TWT. Thus, to get a given value of γ ϕ the cathode voltage stability in case of a TWT amplifier must be an order of magnitude higher than in case of a MBK. For example, to provide a noise level γ ϕ ≤ -140 dB/Hz the MBK cathode voltage ripple must be ≤ 10 -8 , whereas in the case of a TWT the ripple must be ≤ 10 -9 . The noise inherent in the 0-type mw amplifiers can be divided into groups: one group includes the shot-noise, and the inversely depending on the frequency distance f from the carrier (1/f) -flicker noise. The shot-noise is, as a rule, significantly less than the modulation noise, whereas the flicker noise at small values of f can prevail them. Both noise types of this group arise at the cathode-current density and electron thermal velocity fluctuations are responsible for their origin. So far as this noise is due to spontaneous electron velocity fluctuations, it is somewhat more pronounced in the TWT as its intensity is proportional to the square of the amplifier phase length ϕ 0 .
The second group of the amplifier inherent noise arises in the vacuum interaction space of the amplifiers. This group includes the current distribution noise, the noise provoked by ion-relaxation oscillations, and by the secondary-electron resonance (SER) arising in mw electrical fields of the operating and spurious resonators of the amplifier. The SER provoked noise is more often observed in MBK than in TWT, but it can be suppressed by a proper design of the tube.
EFFICIENCY, MASS, AND DIMENSION CHARACTERISTICS OF MBK AND TWT
The mass and volume characteristics of any mw transmitter depend on the cathode voltage, efficiency, mass and overall dimensions of the output power amplifiers. The cathode voltage, as the most affecting parameter, was considered apart in the beginning of the article. Here we shall compare the last three relatively to TWT and MBK.
Efficiency
As it follows from Table 3 , efficiency of MBKs is 1.5 … 2 times higher than that of TWTs without recuperation of the spent electron energy. In the short wave part (∼ 2 cm) of the cm wave band this relation approaches to 3 -4 times (without recuperation). Recuperation of the spent electron energy by a two-stage collector increase the efficiency of TWTs nearer to that of MBK. A drastic increase of TWTs efficiency is due to the design and use of multi-stage collectors. According to [8] this design has provided efficiency as high as 65 % in an X-band industry manufactured TWT with an output power of 100 … 200 W intended for space applications. But at the same time this design has caused an increase of the 2-nd harmonic relative power up to -15 dB, and to a deterioration of amplification linearity. . Moreover, the use of a two-or multistage collector with one or several decreased voltages, intended to increase the TWT efficiency, makes the high voltage supplying source more complicated, and, thus, less reliable [8] .
Mass and All-Over-Dimensions
The mass of MBK and TWT is determined to a great extent by the mass of the focusing magnetic system. Due to the higher value of the cathode voltage, and greater length of the interaction space the magnetic gap of the TWT is essentially greater than that of MBK. Furthermore, a greater perveance of the electron beams in TWT as compared with the perveance of the partial electron beams in MBK demands greater values of magnetic intensity for focusing. It seems, both of those factors lead to a conclusion that the mass of the TWT focusing system must be greater than that of the MBK. But in the majority of TWT there are used magnetic periodical focusing systems (MPFS) which are significantly lighter than the permanent magnet systems used in MBK. Thus, the mass relation between the TWT and MBK is not determined unambiguously. It depends significantly on the design of the tube, on the relation between the pulsed and average power level, etc, including the above-mentioned factors which play, of course, their substantial role.
As it is seen in Table 3 the mass of relatively low power level TWTs in the 2 cm wave band is almost two times larger than comparable in output power MBKs packed in permanent magnets.
The mean power TWT with a MPFS and MBK of equal peak output power in the range of 2 … 5 kW are near in their mass parameters. At higher peak output power level (10 … 50 kW) there arises a difference: the mass of TWT becomes greater due to an essential raise of the cathode voltage and length of the TWT.
At high peak power levels, more than 100 kW and high average power (> 10 kW) the TWT with MPFS are lighter than MBK, though tubes of equal output power with a solenoidal focusing system are almost equal in weight.
The all-over dimensions of equal peak output power MBK are, as a rule, smaller than those of TWT due to significantly lower cathode voltages.
THE LIFETIME
At first glance, it seems axiomatic that the longer the life time of any electron device the better its operating characteristics. But under closer examination it turns out that this statement is not always correct. The point is in the fact that the tube parameters are in an intimate and complex interrelation. So, approaching of a long life time can lead to losses of other important features of the electron device, e.g. to an excessive weight, decrease in power, etc. Moreover, there are application areas where the needed lifetime does not exceed thousands and even hundreds of hours, whereas hard requirements are imposed on the minimum weight, dimensions, cathode voltage, and high efficiency. On the other hand, space applications demand lifetimes of the electron tubes up to 100000h and more.
As it was mentioned previously, MBKs, especially in the short cm waveband, operate with a high current density at the cathode, exceeding the value of 30A/cm 2 , and, at the same time, with high total cathode currents, which are essentially more than the cathode current density and the total current in TWTs with comparable output power. Accordingly, the life time of MBKs is several times less than that of TWTs. Though the up-to-date achievements in cathode electronics [3] and in manufacture technologies have allowed to raise the specified lifetime of MBKs significantly (up to 1000-2000h in the X-and C-band and up to 10000-20000h in the L-band), nevertheless, it is much less than that of TWTs, which in the tubes for space applications exceeds 100000h.
This dramatic distinction is due to the very low, practically near to unity values of cathode current convergence in the electron guns of MBKs, whereas the area cathode current convergence in TWTs approaches up to 30-50 times. Till now, all attempts to create a multi-beam gun with a high degree of current convergence of each of the beams lead to very complicated, and expensive constructions not suitable for manufacturing. If this problem would be successful solved, then the main drawbacks of MBKs would be eliminated.
CONCLUSION
The results of the carried out study allows one to formulate some considerations concerning the preferable application areas of the MBKs and TWTs.
The high voltage magnitude of the output mw amplifier determines the dimensions and the cost of the high-voltage unit of the transmitter [11] . Thus, the about two times lower cathode voltage of the MBK as compared with an equal in output power TWT determined their preferable use in moving radio-systems, especially in those, which operate in severe environmental conditions: high degree of humidity, dust, low air pressure etc. However, one has taken into account that in the short-wave part of the cm wave band the amplification bandwidth of powerful (> 20 kW) MBKs is 2 … 3 times less as compared with TWT. There are exceptions yet: the 30 kW MBK KF-1 (see Table 3 ) operating at the wavelength of 3.5 cm has an instantaneous bandwidth equal to that of TWT (6%) but it is pulsed by amplitude modulation of the cathode voltage At low power level (≤ 1 kW) the ratio of TWT bandwidth to that of MBK increases still further up to 10 times (see Table 3 ). But MBKs in this power interval have, except for low cathode voltage, essentially higher efficiency, and are lighter in weight.
The second group of parameters affects and determines the quality of the amplified signal. Somewhat less level of tube inherent noise and significantly less modulation noise near the carrier provided by MBK as compared to TWT make the MBK more suited for use in coherent radio-systems with moving target selection, and high degree of disturbance and echo signals suppression. The practically absence of spurious oscillations in MBK is here also of great importance. Once more it must be mentioned that the price for these advantages is the decrease of bandwidth at short cm waves.
The multi-stage collector allows one to increase the overall efficiency of the TWTs. But, apart of the deterioration of signal spectrum purity, the multistage collector design leads to an increase of the number of high voltage connections, and to a more complicated high voltage source unit. This complication, in turn, affects the operation reliability.
TWTs have an undoubted advantage of broad bandwidth, Thus, in radio-systems urgently requiring a broad instantaneous bandwidth without high requirements to the signal spectrum purity and noise, having no restrictions on the high cathode voltage level and amount of power supply the use of TWTs would be preferable.
The next very important feature of TWTs is their great advantage of long lifetime as compared to MBK.
To summarize briefly, it can be concluded that if the dominant requirements of the radio-system are the least possible dimensions and mass of the transmitter, its ability to operate in severe environmental conditions, and radiate signals of highest quality (low and super-low noise, high phase and frequency stability) -then the use of MBK is advantageous. If the dominant requirements of the radio-system are broad amplification band and /or high long life (> 10000 h.) -then the use of TWTs is preferable.
In this study there were not analyzed MBKs of super high power, and MBK for medical and industry applications since they have not similar representatives among TWTs.
